Introduction {#sec1-1}
============

Cancer is a multistep process in which cell mutations accumulate and lead to initiation, progression, sustenance of proliferation, signaling, evasion of growth suppressors, avoidance of cell death, continual replication, angiogenesis, invasion, and metastasis. Cancer involves the mutation of several genes resulting in various pathway alterations.\[[@ref1][@ref2][@ref3][@ref4][@ref5]\] Among the various head and neck cancer subtypes, approximately 10% comprise oral squamous cell carcinoma (OSCC).\[[@ref6][@ref7]\] It is necessary to elicit the genes and the pathways involved in oral cancer progression. Recent studies have examined the oncogenic signaling pathways, such as glycogen synthase kinase 3 (GSK-3β), c-Myc, AKT, β-catenin, p53, and nuclear factor kappa B (NF-kB), and suggested their roles in oral cancer progression. This systematic review aims to identify the most commonly involved genes and pathways in OSCC.

Methodology {#sec1-2}
===========

A systematic review was conducted as per the STrengthening the Reporting of OBservational studies in Epidemiology (STROBE) \[[Table 1](#T1){ref-type="table"}\]. The key question was "which are the most commonly involved genes and pathways in OSCC?"

###### 

Methodology employed
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Study design {#sec2-1}
------------

A systematic review was conducted by considering all the published original research articles that emphasized the genes and associated pathways involved in head and neck cancer. We also included studies that evaluated the genes that can predict oral cancer prognosis.

Inclusion criteria {#sec2-2}
------------------

Articles that evaluated genes and pathways in OSCC were selected.

Exclusion criteria {#sec2-3}
------------------

Review articles, theses, personal judgments, book chapters, powerpoint presentations, and studies that did not validate their results were excluded. Studies on saliva and serum were also excluded as we concentrated on articles pertaining to patient tissues.

Information sources and search strategy {#sec2-4}
---------------------------------------

An automated online search of databases, such as EBSCO host, Google Scholar, PubMed, and NCBI, was performed using a combination of phrases and keywords such as "biomarker of oral cancer," "pathways of oral cancer," "genes involved in oral cancer," and "oral cancer pathways." The relevant articles were also cross-referenced to retrieve additional articles.

Study selection {#sec2-5}
---------------

We set the search strategy per the guidelines given by the STROBE. The initial selection was done by reviewing the titles followed by the abstracts. Articles that were believed to be suitable were re-evaluated by two authors (RSR and DA). Disagreements on the articles were resolved by consulting a third author (SVS).

Data collection process {#sec2-6}
-----------------------

The overall data collection involved the following information: authors, journals in which the article was published, year of publication, research focus, methodologies employed, results obtained, conclusions drawn, and future scope of research in the given field.

Synthesis of results {#sec2-7}
--------------------

We summarized the results of the individual studies and listed the pathways involved as well as the survival rate of the patients. Genes involved in these pathways were also analyzed.

Results {#sec1-3}
=======

Study selection {#sec2-8}
---------------

The articles were critically evaluated based on STROBE \[[Figure 1](#F1){ref-type="fig"}\], and 36 of these were considered for the review.\[[@ref8][@ref9][@ref10][@ref11][@ref12][@ref13][@ref14][@ref15][@ref16][@ref17][@ref18][@ref19][@ref20][@ref21][@ref22][@ref23][@ref24][@ref25][@ref26][@ref27][@ref28][@ref29][@ref30][@ref31][@ref32][@ref33][@ref34][@ref35][@ref36][@ref37][@ref38][@ref39][@ref40][@ref41][@ref42][@ref43]\]

![Study design](JC-17-7-g002){#F1}

Study characteristics {#sec2-9}
---------------------

Of the 36 selected studies, seven studies were published in 2000--2010 \[[Figure 2](#F2){ref-type="fig"}\].\[[@ref8][@ref9][@ref10][@ref12][@ref14][@ref15][@ref17][@ref20][@ref21][@ref22][@ref23][@ref24][@ref25][@ref26][@ref27][@ref29][@ref30][@ref31][@ref32][@ref33][@ref34][@ref35][@ref36][@ref37][@ref39][@ref40][@ref41][@ref42][@ref43]\]

![Articles publication frequency by different countries year wise (36 selected articles)](JC-17-7-g003){#F2}

Synthesis of results {#sec2-10}
--------------------

Of the 36 studies \[[Table 3](#T3){ref-type="table"}\], 34 studies emphasized the genes that regulated pathways in oral cancer progression:\[[@ref8][@ref9][@ref10][@ref11][@ref12][@ref14][@ref15][@ref16][@ref17][@ref18][@ref19][@ref20][@ref22][@ref23][@ref24][@ref25][@ref26][@ref27][@ref28][@ref29][@ref30][@ref31][@ref32][@ref33][@ref34][@ref35][@ref36][@ref37][@ref38][@ref39][@ref40][@ref41][@ref42][@ref43]\]

###### 

Genes and pathways indicating the patient survival rate
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###### 

Studies scrutinized for biomarker and gene expression
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Twenty-one studies focused on genes and the associated pathways that explained the initiation, proliferation, and progression of OSCC.\[[@ref10][@ref11][@ref14][@ref16][@ref18][@ref19][@ref20][@ref23][@ref24][@ref25][@ref26][@ref27][@ref28][@ref29][@ref30][@ref31][@ref34][@ref35][@ref37][@ref39][@ref43]\]

The pathways that were found to be commonly associated with OSCC included the PI3K-AKT pathway (seven studies)\[[@ref10][@ref11][@ref13][@ref14][@ref18][@ref29][@ref39]\] and the NF-kB pathway (four studies).\[[@ref8][@ref20][@ref26][@ref39]\]

Three studies focused on genes associated with patient survival rate, including cyclin D1 (CCND1), Rb and p53, FLJ10540, and TC21.\[[@ref17][@ref19][@ref28]\] Three studies showed the involvement of transforming growth factor-beta pathways in OSCC.\[[@ref26][@ref31][@ref44]\]

The most commonly used techniques were polymerase chain reaction (PCR), immunoblotting assay, and immunohistochemistry (IHC). Other techniques employed were microarray assays, migration and Matrigel invasion assays, ELISA, transwell migration assays, flow cytometry, and luciferase assays.

Discussion {#sec1-4}
==========

The potential pathways involved in the pathogenesis of oral cancer \[[Figure 3](#F3){ref-type="fig"}\] and the potential biomarkers that predict patient survival must be explored to improve patient\'s quality of life.
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Genes and pathways involved in molecular pathogenesis influencing patient prognosis {#sec2-11}
-----------------------------------------------------------------------------------

There are 16 studies listed in [Table 2](#T2){ref-type="table"} that show the involvement of various pathways and genes that predict patient\'s survival. The NF-kB, PI3K-AKT, and Wnt pathways and the CCND1, Rb, p53, FLJ10540, and TC21 genes are commonly mutated and can predict the patient\'s survival rate. The related studies and their summarized findings are described below:

Rb and p53 pathways indicate poor survival in OSCC.\[[@ref19]\] CCND1 IHC expression dictates the overall survival rate of patients in OSCC.\[[@ref17]\] FLJ10540 expression contributes to a reduced patient survival rate.\[[@ref11][@ref44]\] TC21 expression serves as a poor prognostic indicator in OSCC.\[[@ref28]\] An increased NF-kB pathway showed a low survival rate in head and neck squamous cell carcinoma (HNSCC).\[[@ref38]\] Phosphorylated AKT, epidermal growth factor receptor variant III (EGFRvIII), and disease stage determine the survival of the patients.\[[@ref10]\] In the present review, the most common pathways associated with OSCC patient\'s survival were the PI3K-protein kinase B (PKB)/AKT and NF-kB pathways.\[[@ref8][@ref10][@ref38]\] It is important to identify these pathways, since their therapeutic interruption could possibly increase patient survival rates.

Cyclin D 1 {#sec2-12}
----------

CCND1 is a protein that regulates the cell cycle and is encoded by the CCND1 gene on chromosome 11q13. In a study conducted by Hanken *et al.*, 2014,\[[@ref17]\] CCND1 amplification and overexpression were associated with Ki-67 expression in HNSCC. There was overexpression of CCND1 that was associated with an increased relapse rate and lymph node metastasis, which dictated poor patient survival (79%).\[[@ref17]\] In the phosphorylation of pRB, a major regulator of the G1/S transition of cell cycle CDK4/6-CCND complex is involved. The pRB phosphorylation results in the release of bound E2F transcription factors, premature transition into S-phase, and a resultant nondiploidy of DNA. In numerous epithelial malignancies, amplification of CCND1 locus, 11q13, has been reported. Approximately 30%--50% of OSCC tumors show amplification or increased protein expression.\[[@ref45][@ref46][@ref47][@ref48]\] CCND1 can be targeted through the inhibition of cyclin-dependent kinase 4.

Rb and p53 pathway {#sec2-13}
------------------

The Rb protein plays a key role in cell cycle regulation as its phosphorylation will release the brakes on the cell cycle with uncontrolled proliferation. Jayasurya *et al.*, 2005\[[@ref19]\] conducted a study on Rb and p53 pathways. CCND1, Rb, p16, CDK4, P21, Bcl-2, p53, and the proliferating cell nuclear antigen were analyzed in OSCC by IHC. Their results showed that the Rb and p53 pathways are interconnected. The Rb protein increased CCND1 and reduced p16 expression and showed a worse prognosis. The relative risk was found to be 2.92 for the Rb gene and 1.57 for p53. The Rb proteins, such as CCND1 were associated with the overall survival and remission of the patients compared to the p53 proteins. Overexpression of CCND1 and underexpression of p16 indicate poor survival.\[[@ref19]\] Rb and p53 are the two key pathways that are frequently involved in the progression of OSCC. Some studies found that nearly 90% of cases involved one or both pathways, as well as abnormalities in either the Rb gene or the p53 gene. Some of the data suggest that these pathways are universally targeted in carcinogenesis and oral cancer.\[[@ref19]\]

FLJ10450 {#sec2-14}
--------

Matrix metalloproteinase-2 (MMP-2) plays an essential role in tumor development and its expression correlates with metastasis in various cancers including OSCC. A study conducted by Chen *et al.*, 2009\[[@ref11]\] stated that FLJ10540 and FOXM1 upregulate the expression of MMP-2 and FLJ10540 plays a role in OSCC progression and metastasis. Increased expression of FLJ10540 in OSCC correlates with poor survival of the patients.\[[@ref11]\] Reduction in the expression of FLJ10540 through siRNA inhibits the invasion and migration of the OSCC. Analysis showed a positive correlation of FLJ10540, FOXM1, and MMP-2 with aggressive behavior of OSCC. The findings suggest that FLJ10540 is an important prognostic factor besides a new therapeutic target in the FLJ10540/FOXM1/MMP-2 pathway for OSCC management.\[[@ref11]\]

TC21 {#sec2-15}
----

TC21 belongs to the Ras family, which is involved in various cell functions, including cellular proliferation, apoptosis, differentiation, vesicle trafficking, cytoskeletal organization, and nuclear transport. TC21 protein interacts with both Erk2 and PI3-K indicating the involvement of these pathways in TC21-mediated signaling in oral cancer cells. In the study conducted by Macha *et al.*, 2010,\[[@ref28]\] there was gradual increase of TC21 expression from normal tissue to leukoplakia and malignancy that was clinically significant (97.1%). They observed an increased TC21 expression in the early stages of OSCC (T1 + T2) than in the advanced stages (T3 + T4). Moreover, interaction of TC21 with Erk2, 14-3-3 σ, and PI3-K was also observed. Its interaction with Erk2, 14-3-3 σ, and PI3-K suggest that TC21 is a signaling pathway for oral cancer.\[[@ref28]\] TC21 bypasses the inhibitory function of domain-negative Ras. TC21 is involved in both growth and morphologic transformation, suggesting that it plays major role in cellular growth through signaling pathways. Interestingly, it initiates the AKT, serine/threonine kinase pathways, which cause cell proliferation, survival, and transformation through various effectors, such as Bad, mTOR, and GSK-3β.\[[@ref28]\] It is suggested that TC21 expression is an early event in carcinogenesis, and it coincides with poor prognosis of OSCC.

Nuclear factor kappa B pathway {#sec2-16}
------------------------------

NF-kB is involved in cell survival, cancer progression, inflammation, and immune response. Increase in NF-kB raises the Interleukin-6, which in turn increases the expression of signal transducer and activator of transcription. Enzyme cycloxygenase-2 (COX-2) is the target molecule of NF-kB, and it synthesizes prostaglandins from arachidonic acid. Overexpression of COX-2 induces cancer progression by increasing vascularity and cellular proliferation and the evasion of apoptosis processes.\[[@ref38]\] Further metastasis releases vascular endothelial growth factors and MMP, which are inhibited by pyrrolidine dithiocarbonate. NF-kB contributes to tumor hematologic and lymphatic metastasis.\[[@ref38]\] A similar study conducted by Anbo *et al.*, 2013\[[@ref8]\] observed that under hypoxic conditions, NF-kB is activated and tumor metastasis and growth is increased.\[[@ref8]\] Similarly, the knockdown of NF-kB expression inhibited tumor cell proliferation. This indicates that an increase in NF-kB may result in reduced patient survival.

PI3K-protein kinase B/AKT pathway {#sec2-17}
---------------------------------

The activated PKB/AKT pathway initiates various cellular functions, including growth, angiogenesis, metabolism, survival, proliferation, protein synthesis, apoptosis, and transcription.\[[@ref49][@ref50]\] The study conducted by Sushma *et al.*, 2016\[[@ref35]\] showed that methylation of PTEN and p16 is involved in the progression of OSCC, but promoter hypermethylation leads to inactivation of the PTEN and p16 genes, which activates AKT phosphorylation. Similarly, the study conducted by Fukumoto *et al.*, 2014\[[@ref14]\] showed an increase in WWP2 expression, which in turn reduced the expression of PTEN. Further, expression or upregulation of PI3K-PKB/AKT pathway induces tumor growth and results in poor prognosis.

Wnt signaling pathway {#sec2-18}
---------------------

The study conducted by Ravindran *et al.*, 2015\[[@ref31]\] reported involvement of the Wnt/β-catenin pathway in the transformation of potentially malignant disorders to the cancerous stage in the oral cavity.\[[@ref31]\] The Wnt/β-catenin pathway plays a major role in the carcinogenesis, and there is a significant correlation between metastatic grading and lymph node metastasis (*P* ≤ 0.001 for overall survival and \<0.039 for disease-free survival).\[[@ref31]\] The intracellular expression of β-catenin showed poor prognosis in overall survival of the patient. Moreover, β-catenin along with Nanog and Oct-4 expression showed a worse prognosis than β-catenin alone. The Wnt signaling pathway is often mutated, and Wnt/β-catenin pathway can be a potential target for anticancer therapy.

This review shows that among the various biomarkers and pathways, the most commonly involved in OSCC are Rb, p53, TC21, FLJ10540, CCND1, PI3K-AKT, NF-kB, and Wnt pathways. Only one study by Monteiro *et al.*, 2014 showed increased EMMPRIN expression to correlate with poor prognosis and survival.\[[@ref51]\] The Rb, p53, and PI3K/AKT pathways were associated with overall patient survival rate.

The present review considered the evaluation of biomarkers and pathways in tissues as it closely relates to their activity in oral cancer and eliminates false positives/negatives compared to serum/saliva. Evaluation of biomarker expression in the saliva/serum results in wide variability in the levels of potential OSCC salivary biomarkers in both noncancerous individuals and OSCC patients.\[[@ref52]\] There is a need for further validation of OSCC serum/salivary biomarkers with individuals who have either a chronic oral inflammatory disease or other types of cancers but do not have OSCC. Following meticulous standardization, a comparative study of the expression of oral cancer biomarkers and pathways with correlation of their expression in tissues versus saliva/serum would be an interesting prospect to investigate. The present systematic review highlights the importance of therapeutic targeting of biomarkers and pathways involved in OSCC that could help improve prognosis.

Commonly employed techniques {#sec2-19}
----------------------------

PCR, Western blot analysis, IHC, microarray, gel electrophoresis, cell proliferation assays, immunofluorescence, proliferative assays, ELISA, and cell cycle assays are the most commonly used techniques. Among these, the most preferred technique was PCR as it is highly sensitive and specific. However, techniques such as IHC and Western blot analysis were frequently used to validate the results. Microarray assays were employed to validate large numbers of gene expression. Based on the analysis, PCR seems to be a reliable technique in determining the expression of proteins and upregulation of genes. A real-time PCR is advantageous over a semi-quantitative PCR as we can monitor the progress of a PCR reaction in real time. At the same time, a relatively small amount of PCR product (DNA, cDNA or RNA) can be quantified.

Conclusion {#sec1-5}
==========

Although extensive studies have been conducted on these biomarkers and pathways using advanced technology, early diagnosis and treatment remain to be a pitfall. The findings of the present review emphasize the need for research in the domain of targeted cancer therapy. Therefore, it is essential to develop novel therapeutic mechanisms that can alter or inhibit these biomarkers and pathways.
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